Central velocity dispersions and eight line-strength Lick indices have been determined from 1.3Å resolution long-slit spectra of 16 elliptical galaxies in Hickson compact groups. These data were used to determine galaxy properties (ages, metallicities and α-element enhancements) and allowed a comparison with the parameters determined for a sample of galaxies in lower density environments, studied by González (1993) . The stellar population parameters were derived by comparison to single stellar population models of Thomas et al. (2003) and to a new set of SSP models for the indices Mg 2 , Fe5270 and Fe5335 based on synthetic spetra. These models, based on an update version of the fitting functions presented in Barbuy et al. (2003) , are fully described here. Our main results are: (1) the two samples have similar mean values for the metallicities and [α/Fe] ratios, (2) the majority of the galaxies in compact groups seem to be old (median age of 14 Gyr for eight galaxies for which ages could be derived), in agreement with recent work by Proctor et al. (2004) . These findings support two possible scenarios: compact groups are either young systems whose members have recently assembled and had not enough time to experience any merging yet or, instead, they are old systems that have avoided merging since their time of formation.
Introduction
The conventional scenario for the evolution of compact groups, supported by n-body simulations, is that their members will interact and merge into one single elliptical galaxy, if they are genuine high-density systems. Compact groups are, therefore, ideal environments in which to study the formation of elliptical galaxies through mergers and the effects of collisions on galactic evolution although this requires that the lifetime of the group be longer than the merging timescales between member galaxies. We currently lack important information on how long the member galaxies of a compact group have been together as a compact entity although we have qualitative information that some dynamical interaction among the galaxies has happened in the majority of the groups.
While there is plenty of evidence that the rate of interactions (which leave the two galaxies distinct) is high among compact group galaxies, studies of optical colors and galaxy morphologies suggest that the rate of ongoing mergers is low. However, it may be more difficult to recognize merger remnants in compact groups than in other environments, since the forces exerted by the member group galaxies tend to disrupt long tails and extensions created in galactic collisions (Barnes & Hernquist 1992) . In addition, mergers in compact groups may be different in nature if the colliding galaxies have a smaller reservoir of gas. This may actually be the case since it has been shown that at least cold gas seems to be depleted from small galaxy groups, possibly due to interactions.
Several programs have been initiated to develop more sensitive tests of merging history in elliptical galaxies in compact groups. In this context, a comparison of the stellar populations of elliptical galaxies in compact groups with those of galaxies in other environments are of great interest and may provide a quantitative measure of the effects of mergers.
A number of papers have studied the stellar populations of early-type galaxies in clusters and in lower density environments (e.g. Rose et al. 2004; Jorgensen 1997; Bernardi et al. 1998; Proctor et al. 2004) . In compact groups, however, there are very few previous studies. Proctor et al. (2004) derived ages, metallicities and α-enhancements of stellar populations for a sample of 17 elliptical galaxies and 9 spiral bulges in compact groups and found that the HCG galaxies are generally older and more metal rich than their field counterparts. Although Jorgensen (1997) argues that it is not possible to derive unique galaxy parameters from the observables, some more recent studies, e.g. Thomas et al. (2003, hereafter TMB03) , have developed stellar population models that include element abundance ratio effects and which can provide a derivation of age, total metallicity and element ratios from Lick absorption line indices. A complication is however the degeneracy between age and horizontal branch morphology, which comes from the fact that the presence of warm horizontal branch stars may strengthen the Balmer absorption lines, possibly mimicing a younger stellar population age (e.g. Maraston & Thomas 2000) . This problem still remains to be solved.
The main contribution of this paper is the determination of internal velocity dispersions and eight Lick/IDS indices for 16 galaxies in HCGs (three of which are in common with the sample of Proctor et al. 2004) . Our new measurements were compared with models from TMB03, and with a new set of SSP models, presented here for the first time, to derive ages, metallicities and α-element enhancements for the galaxies. This paper is organized as follows. Section 2 describes our observations and reductions. In Section 3 results from the comparisons between the HCG and control sample regarding their ages, metallicities, and α enhancements are shown. In addition, fitting functions for the indices Mg 2 , Fe5270 and Fe5335 based on synthetic spectra (Barbuy et al. 2003) , and a new set of SSP model indices are presented. In Section 4 we discuss the possible selection effects affecting our sample, the main contributions given by other work in the literature and the insights provided by our new data regarding the merging histories of the compact group galaxies.
Observations and Reductions
We observed 16 of the 28 Hickson compact group (Hickson 1982) elliptical galaxies south of declination -10 • , between R.A's 19 h and 03 • , and brighter than B T = 16 mag.
Long-slit spectra for the galaxies were taken at the Anglo Australian Observatory with a 25cm camera, a 1200 V grating and a TEK CCD on the AAT 3.5m telescope. These spectra cover the range λλ ∼ 4810 -5630Å with 1.34Å resolution FWHM. The wavelength and spatial scale were ∼ 0.79Å/pixel and 1.03 arcsec/pixel respectively. Each galaxy was observed twice along its major axis. The total exposure times ranged from 800s to 2000s. A slit width of 1.5 arcsec was used.
Radial velocities, internal velocity dispersions and the Lick/IDS indices Hβ, Mg 1 , Mg 2 , Mg b , Fe5015, Fe5270, Fe5335, Fe5406, inside an aperture of radius r ef f /2 (where r ef f is the effective radius of the galaxy, obtained from the fit to a de Vaucoleurs profile, de Vaucoleurs 1948) were obtained using the technique developed by González (1993) . In this method the spectra of each galaxy and template are compared in Fourier space. Optimal templates were constructed from an optimal linear combination of stellar spectra of late-type dwarf and giant stars obtained in the same nights when the galaxy observations were made (see González 1993, at http://www.astroscu.unam.mx/∼jesus/, for the reduction procedure details). Line-strength measurements were made in the Lick/IDS system as introduced by Burstein et al. (1984) and refined by Worthey et al. (1994) . The transformation to the Lick/IDS system was done by using stars from Faber et al. (1985) 's list observed during our run.
We used a control sample taken from the list of galaxies in loose groups and in the field studied by González (1993, hereafter the "field" sample), observed at Lick Observatory with the 120-inch Shane Telescope, at a resolution of FWHM = 2.7 -3.3Å. Velocity dispersions and line-strength indices for the galaxies in the control sample were derived in the same manner as for the galaxies in the compact group sample. For comparison, two of the elliptical galaxies in the control sample were observed in the run when the spectra for the compact-group galaxies were obtained. Their derived velocity dispersion and line-strength indices are in excellent agreement (within the quoted errors of 5%) with those obtained independently by González (1993) .
All spectra were extracted inside a radius of r ef f /2 in order to sample similar parts of the galaxies, and avoiding the need of using uncertain aperture corrections. This is important in our case since the control sample is composed of galaxies which are quite nearby, with a median radial velocity of 2300 km s −1 , while the sample of compact group galaxies has a median velocity of 7200 km s −1 .
Results
The kinematic data for the Hickson compact group galaxies are presented in Table 1 . Radial velocities and velocity dispersions were derived within an aperture of radius r ef f /2. The effective radii and values for the surface brightness measured within the effective radii, listed in columns 2 and 3 were taken from Zepf and Whitmore (1993) for the galaxies in common and were derived from B images taken at CFHT (Mendes de Oliveira 1992), for the remaining galaxies. In the fourth column, the S/N of the spectra are listed. These were obtained within the spectral window 4900 to 5500Å, derived similarly to those obtained by González (1993) for the control sample. The Lick indices and their estimated errors, measured within an aperture of radius r ef f /2, are presented in Table 2 . The galaxies marked with an asterisk are known to have emission lines, and for these the values measured for the Hβ indices are very uncertain, and therefore not given. Fig. 1 shows four of the five examples of emission-line elliptical galaxies found in our sample. In each panel we show, at the top, the wavelength calibrated spectrum, in the middle, a template spectrum obtained by summing several stellar spectra and, at the bottom, the subtraction of the two upper spectra, clearly showing the emission lines Hβ at 4861Å and [OIII] at 5007Å.
Emission lines
Emission lines were visible in five of the 16 elliptical galaxies in our sample. This may be compared to the study of 12 HCG elliptical galaxies by Rubin, Hunter and Ford (1991) . They found that emission lines were present in 10 of those galaxies. It is tempting to compare the frequency of emission lines found in these studies with that of Phillips et al. (1986) , who find a 60% incidence of emission lines in early-type galaxies in loose groups. However, a meaningful comparison cannot be made between these results as the detection of faint emission lines depends strongly on the resolution and S/N ratio of the spectrum. For the same reason, our results are not inconsistent with those of Rubin et al. (1991) since their spectra were centered near 6500Å allowing them to detect Hα, [NII] , and S[II] emission lines.
Emission lines were visible in 12 of the 28 (43%) elliptical galaxies from González' sample. This fraction is similar to what we find for the compact groups (5 in 16, 31%) although the average S/N for the González' sample is almost an order of magnitude higher than ours. The numbers of galaxies in the samples are still very small and the data quality too inhomogeneous for a meaningful comparison of the frequency of emission line elliptical galaxies in different environments.
Mg b , Fe5270 and Fe5335 indices
We plot in Fig. 2 the Mg b and the < F e > Lick/IDS indices against velocity dispersion, for all galaxies in our sample and in the control sample. In Fig. 3 is plotted the non-standard Lick/IDS index defined by González (1993) , [MgFe] , as a function of velocity dispersion. These plots show that the HCG elliptical galaxies have the same mean Mg b and < F e > line strengths as do galaxies in the control sample. In both samples, the typical values indicate an excess of Mg absorption with respect to the metallicity relation defined by the galactic globulars. This can be clearly seen in Fig.  4 . This figure shows a plot of M g b against < F e > line strengths for the compact group and the control samples. The continuous line is the locus of the galactic globular clusters. The point at the bottom left of the diagram is the galaxy HCG 04d.
Two other studies have measured Mg and Fe line-strength indices for galaxies in our compact group sample. Galaxies N7176 (or 90b) and N7173 (or 90c) were measured by Burstein et al. (1987) and galaxies 14b, 86a and 86b were measured by Proctor et al. (2004) . A comparison between our measurements and those other measurements, after employing aperture corrections (Jorgensen et al. 1995) to transform all indices to a common radius, are in agreement within 30%, or better.
Simple stellar populations models with variable [α/F e]
In normal luminous elliptical galaxies, the Mg excess has been interpreted as an indication of a higher than solar [Mg/Fe] abundance ratio, probably due to the dominant SNII over SNIa enrichment in these galaxies (González 1993; Worthey, Faber and González 1992) . From the large dataset of nuclear line strengths of the Lick group, presented in Trager et al. (1998) , it is shown that low velocity dispersion objects exhibit solar [Mg/Fe] and more massive systems are overabundant in magnesium. Luminous HCG elliptical galaxies are not different in this respect.
Therefore, for the study of stellar populations in ellipticals it is crucial to employ population models that take into account α-element enhancements. Very few models that allow derivation of both [Z/H] TMB03 present Simple Stellar Population (SSP) models based on the population synthesis code presented in Maraston (1998 Maraston ( , 2005 , in which the fuel consumption theorem (Renzini & Buzzoni 1986 ) is employed. The models account for the α-enhancement by using synthetic spectra calculations by Tripicco & Bell (1995, hereafter TB95) , and provide Lick indices for SSPs covering ages from 1 to 15 Gyr, metallicities from 1/200 to 3.5 solar and variable element abundance ratios.
As an alternative approach, we computed a set of SSP models based on synthetic stellar spectra as described in Barbuy et al. (2003) . The computed grid of synthetic spectra covers the range 4600- The indices Mg 2 , Fe5270 and Fe5335 were measured for the whole parameter range and fitting functions of the form below (where θ = 5040/T eff ) were derived through a Levenberg-Marquadt algorithm
The new coefficients, which supersede the ones presented in Barbuy et al. (2003) , are presented in Tables 3, 4 and 5. The zero-point constants to calibrate the fitting functions to the Lick/IDS system were obtained following the procedure described in detail in Barbuy et al. (2003, Section 3.1) . Shortly, synthetic indices are computed with the fitting functions for the standard Lick/IDS stars presented in Worthey et al. (1994) . The input parameters for the fitting funcions T eff , log g and [Fe/H] are obtained directly from the catalog in Worthey et al. (1994) McWilliam (1997) . The synthetic indices computed are then compared with the measured indices in the Lick/IDS system and a calibration constant can be obtained by least-square fitting. The calibration constants are presented in Table 6. Indices for SSPs were then derived by combining these fitting functions with isochrones of Demarque et al. (2004) . The isochrones of Demarque et al. (2004) were preferred over other α-enhanced isochrones available in the literature (Salasnich et al. 2000 , Straniero et al. 1992 , Salaris, Chieffi & Straniero 1993 , Salaris & Weiss 1998 because their chemical mixture for the α-enhancements are closer to the mixture adopted in Barbuy et al. (2003) for the synthetic stellar grid. Along the isochrone synthesis procedure, the indices were weigthed by the visual absolute magnitude (Greggio 1997 ). The models were computed for a limited range of ages (4 ≤ t ≤ 16 Gyr) and metallicities (0.008 ≤ Z ≤ 0.04), suitable to the present analysis of the HCG galaxies. For this high metallicity range, a strong contribution from blue horizontal branch stars, not taken into account in our models, is not expected.
One caveat to consider is that the fitting functions presented here, and employed in the SSP models, are strictly valid down to effective temperatures equal to 4000K, which is the lower limit of the temperature range of the synthetic grid in Barbuy et al. (2003) . In cases where the isochrones require lower temperature stars, the fitting functions were extrapolated. A few stellar spectra for giants with temperatures of 3800K were computed, employing Plez et al. (1992) model atmospheres. It was verified that the extrapolated stellar indices differ from the measured ones typically by amounts of the order of the uncertainties on the fitting functions (last line of Tables 3-5), and therefore the error introduced in the integrated indices due to the extrapolation are smaller than 10%. A further investigation of the behavior of these indices in K and M stars will be discussed elsewhere. In particular, it is shown in Coelho et al. (2005, in preparation) that TiO bands become strong in metal-rich very cool stars, blending the Mg 2 feature, essentially preventing the use of this index at very low stellar temperatures.
The SSP model indices for Mg 2 , Fe5270 and Fe5335 are given in Appendix A.
As explained in detail in TMB03, their fitting functions are those by Worthey et al. (1994) , and corrections to account for the [α/Fe] enhancements were based on calculations of synthetic spectra by TB95 (through the so-called response functions), following an extension of the method proposed by Trager et al. (1998) . The use of the fitting functions that are explicitly dependent on the [α/Fe] parameter is an alternative approach to employing empirical fitting functions corrected by response functions (TMB03). The former are based on spectra that have all the α-elements enhanced together, while the latter incorporates changes in the indices due to individual element variations. It is not clear if the effect of the enhancement of all α-elements together is a linear combination of the effects due to individual abundance variations. This question arises because an important effect related to the α-elements is that they are electron donors. The continuum in G-M stars forms mainly by free-free and bound-free transitions of H − , whereas the amount of H − present in their atmospheres depends on the electrons captured by Hydrogen atoms which come from the α-elements in particular (Fe is also an important electron donor). Therefore, an overall enhancement of the α-element abundance can have an impact in the continuum (and therefore in the indices) that is different from combining the impact of varying the abundance of each element individually through response functions.
Stellar Populations of the HCG galaxies
The indices measured from the spectra of sample galaxies were compared to the SSP models, and the luminosity weighted average ages t, metallicities [Z/H] and α-enhancements [α/Fe] were derived.
A fortran code (kindly provided to us by D. Thomas) inspects correlations between Hβ and the metallic indices to find the best fit (t, [Z/H], [α/Fe]) for each galaxy.
Only measurements with the smallest errors, i.e. Hβ errors less than 0.25 and fractional uncertainties for both Mg and Fe indices lower than 10%, were used in the derivation of the galaxy parameters. Given the ages derived with the TMB03 models, values for [Fe/H], [Z/H] and [α/Fe] were also derived using the SSP models calculated in this work, by selecting the best model through a χ-square criteria weighted by the measurements errors. The age estimations were based entirely on TMB03 models since they carried out extensive comparisons and corrections relative to observed models, which is needed for the use of computed Hydrogen lines, and indices such as Hβ. These derived stellar population parameters are presented in Table 7 and the typical estimated errors of the parameters are 2 Gyr for age and +0.2 dex for [Z/H] and [α/Fe] . The parameters derived with TMB03 models are shown in columns 2 -4 of Table 7 and those derived using our models are shown in columns 5 -7 of the same table. For the galaxies with emission and/or those whose errors on Hβ were too large (three galaxies), no age determination was attempted.
The problem of corrections of the galactic abundance pattern, as pointed out by Proctor et al. (2004) in the use of SSP models by Vazdekis (1999) , is not an issue in our case when the SSP models computed here are employed, because this correction should be applied only to models that were built based on observed stars. In addition, Thomas et al. (2005) concluded that corrections for the local abundance pattern has no significant impact on their SSP models, when [α/Fe] is solar/supersolar.
There is a trend in the sense that the [α/Fe] obtained by the models calculated in this work are higher than those by TMB03 by ≈ 0.1 dex, and a comparison of the two sets of models employed can be seen in Fig. 5 . Nevertheless, given the completely different ingredients of the two sets of models (fitting functions, isochrones and SSP synthesis prescriptions), the agreement is remarkable.
In Figs. 6 and 7 we plot the values for the HCG galaxies, the SSP models from TMB03 and the corresponding values for the field galaxies from González (1993) Though the statistics of the compact group galaxies is still small, it is possible to see that the locus of the compact group galaxies is characterized by old ages, solar and super-solar metallicities and α-enhancement. As a comparison, the field galaxies from the sample of González seem to span a wider parameter range. However, these also span a wider range of velocity dispersions (including less massive galaxies), as can be seen in Figs. 2 and 3.
Discussion

Possible selection effects
One point that should be kept in mind is that the sample of HCGs selected by Hickson (1982) is biased towards high surface brightness groups. At first sight, this may appear to preferentially select the highest surface brightness galaxies, which, in turn, could be biasing our results (to obtain preferentially old ages).
In order to test this we have made a comparison of the surface brightnesses within r ef f of the galaxies in the control sample and in the HCG sample. We found that the two distributions can be driven from the same parent population with a confidence level of 95% (using the KS test), showing that we are comparing galaxies of similar surface brightnesses, in the HCG and control samples.
Another point that could be thought to bias our sample is the fact that we discard galaxies which have emission lines when computing ages for the objects. This may select against galaxies which have suffered minor accretion events, although it is unlikely that we have missed major mergers (which would be recognized also from their other optical properties). This is not a problem in Proctor et al's (2004) study, since they do not perform such emission-line selection (because they use 20 different Lick indices for determination of the galaxy parameters). The determination of old ages for compact group galaxies seems, therefore, to be quite a robust result and not a selection effect.
Possible Outliers
The two best candidate elliptical galaxies with young stellar populations and/or mergers in our HCG sample are 04d and 14b, which are the galaxies with the lowest velocity dispersions and lowest values of Mg b . Note that in Figs. 2, 3 and 4, galaxies 04d, 14b are in all cases below the line followed by the control sample galaxies. Galaxy 04d was studied in detail by Zepf et al. (1991) . Its surface brightness profile is well fit by an r 1/4 -law profile and it seems to be a genuine low-mass elliptical galaxy (Zepf et al. 1991) . HCG 04d is one of the bluest elliptical galaxies in Hickson's catalogue and it is significantly bluer than galaxies of similar mass in other environments. Galaxy HCG 14b was one of the few outliers in the diagram M 8 × r ef f shown by Mendes de Oliveira (1992) , where M 8 is the absolute magnitude within an aperture of radius equals to 8 h −1 kpc, suggesting that this galaxy has a very extended profile for its luminosity, resembling a cD galaxy in this aspect. This can be confirmed by the large measurement of its effective radius. However, Proctor et al. (2004) classify this galaxy as a spiral bulge.
Other important work from the literature
The α-enhancement in galaxies, first pointed out by Peletier (1989) and Worthey et al. (1992) , was reviewed by Worthey (1998 ), Peletier (1999 and Jorgensen (1999) , from the observed Mg 2 vs. Fe indices. Trager et al. (1998) , TMB03, and the present work derive more quantitatively the α-enhancements based on calculations of synthetic spectra. The present sample galaxies also show overabundance in magnesium-to-iron.
Several studies have tried to tackle the problem of environmental effects on the spectral properties of elliptical galaxies. Rose et al. (1994) found that ellipticals/S0 in low density environments are considerably more metal-rich, a result confirmed by Proctor et al. (2004) and Thomas et al. (2005) . In addition, galaxies in the field have been found to be younger than cluster counterparts (Bernardi et al. 1998; Proctor et al. 2004; Thomas et al. 2005) . However, Proctor et al. (2004) found that HCG galaxies are older than field galaxies and are more consistent with the mean age of cluster galaxies. In fact, our result goes in the same direction: we find that the HCG galaxies are generally older than their counterparts in looser environments.
The fraction of possible ongoing mergers in compact groups has been determined through methods other than by studying the stellar populations of the elliptical galaxies, as we are doing here. The optical colors of a sample of early-type galaxies and their infrared properties were studied by Zepf et al. (1991) and Moles et al. (1994) . They found the merging rate to be between 5 and 12%. However, the candidate mergers they present are most probably early-type galaxies with small contribution of a young stellar component, instead of major mergers. Our determinations of ages, metallicities and α-element abundances for compact group galaxies also point to a low fraction of mergers in compact groups. These results have important bearings on the age of the group, which is discussed in the following.
Implications of the results
Our result as well as Proctor et al.'s (2004) main result that HCG galaxies are generally old contradicts the expectations from most formation scenarios for compact groups. Diaferio et al. (1994) proposed that loose groups may be continuously collapsing to form compact groups, predicting that about 30% of the elliptical galaxies in compact groups should be mergers, which is not supported by the study of the stellar populations of the elliptical galaxies presented here and in Proctor et al. (2004) . One other scenario, proposed by Governato et al. (1996) , suggests that galaxies in compact groups merge to form a massive elliptical galaxy and by secondary infall of surrounding galaxies, the systems maintain their status as HCGs. According to this scenario, merging of at least one or two massive galaxies happened at redshifts between z=1 and 0.35, for their most probable realizations, which would also be in disagreement with our results. One scenario that would be in agreement with our observations is that based on simulations by Athanassoula et al. (1997) , who suggest that if the dark matter is distributed in a common group halo, rather than individual galaxy halos, and assuming a high halo-to-total mass ratio and a density distribution with very little central concentration, merging is suppressed and HCGs would be dynamically very long-lived systems (i.e. they could live for more than a Hubble time). Although the assumption of a common massive halo around the group is supported by the observations, the lack of central concentration is not (e.g. Zabludoff and Mulchaey 1998) . In fact, the opposite scenario is also supported by our findings, i.e. one in which Hickson compact groups are young systems where merging happens so fast (in a small fraction of the Hubble time) that few or no merged objects are seen while the group is still recognizable as a group.
One other important point to complement this discussion is that compact groups exhibit a fraction of early-type galaxies higher than that in the field or in loose groups (Hickson et al. 1988) , and more similar to clusters. If galaxy-galaxy merging is not responsible for the high early-type fractions, as suggested from our results on the stellar populations, it is possible that the effects of the environment are relatively unimportant at the current epoch and that the similarity in the frequency of red galaxies and in the stellar populations of galaxies in rich clusters and Hickson compact groups reflects conditions at the time of galaxy formation.
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A. Single stellar population model indices
Single stellar population models described in Section 3.3. 
